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ABSTRACT 
Forensic Science compounds many study areas in context of solving crimes, one of which is the forensic microbiology. Combined with 
genomic approaches, microbiology has shown strong performance in studies regarding the relationship between microorganisms present 
on human skin and environment. The Human Microbiome Project (HMP) has contributed significantly to characterization of microbial 
complexity and their connection to human being. The purpose of this work consists of a historical overview of scientific articles, 
demonstrating the growth and possibility of using skin microbiome in forensic identification. Studies about use of cutaneous microbiome 
in human identification, as well its forensic approaches, were looked into for writing of this review. Comparisons among cutaneous 
microbial communities and manipulated objects have been tested using 16S rRNA, as well as a thorough sequencing of the bacterial 
genome. From use of ecological measures of distance to genetic markers with nucleotide variants and predictive algorithms, research has 
shown promising results for advances in field of forensic identification. The development of metagenomic microbial panel markers, 
named hidSkinPlax for targeted sequencing has been designed and tested with great results. Research results show satisfactory potential 
in human identification by cutaneous microbiome and the possibility for contributive use in elucidating crimes. 
Keywords: microbiome; genome; cutaneous; forensic. 
 
RESUMO 
A ciência forense compõe várias áreas de estudo no trabalho de elucidação de crimes, uma dessas áreas de estudo é a microbiologia 
forense, que associada à abordagens genômicas tem mostrado forte desempenho em estudos da relação de microorganismos presentes 
na pele, microbioma, com o ambiente. O Projeto Microbioma Humano (HMP) tem contribuído significativamente na caracterização da 
complexidade microbiana e sua relação com o ser humano e também como banco de dados de resultados de características exploráveis 
nos estudos subsequentes. Comparações entre as comunidades microbianas cutâneas e objetos manipulados vem sendo testadas através 
do gene rRNA 16S e também de sequenciamento do genoma completo de bactérias, utilizando desde medidas ecológicas de distância a 
marcadores genéticos com variantes nucleotídicas e algorítimos de predição, apresentando resultados satisfatórios e promissores para os 
avanços no campo da identificação forense. O desenvolvimento de um painel de marcadores metagenômicos microbianos, chamado 
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hidSkinPlax para o sequenciamento Targeted Sequencing foi desenhado e vem sendo testado, mas ainda requer estudos para uma possível 
validação. Este artigo aborda brevemente os avanços das últimas décadas no campo relativamente novo da comparação do microbioma 
humano em aplicações forenses. 
Palavras-chave: microbioma; genoma; cutâneo; forense. 
1. Introduction 
Forensic Science is composed by many areas involved in elucidation of crimes, such as forensic biology and within it, the microbial 
area. Microbial forensic science rose in response to possible threats of biological weapons and bioterrorism. The lack of preparedness in 
response and investigation of biological weapon-related crimes brought up the importance of study in field, which led to creation by 
(FBI) Federal Bureau of Investigation of Scientific Working Group on Microbial Genetics and Forensics (SWGMGF). Besides 
promoting research, the group also developed quality control guidelines for other laboratories in United States (Budowle et al. 2003; 
Budowle, Eisenberg, and Van Daal 2009; Peterson et al. 2009; Roux, Crispino, and Ribaux 2012).  
Studies of microorganisms has since then grown as well, and, in 2007, the Human Microbiome Project (HMP) was officially created 
as an extension of the Human Genome Project, given that humans are habitat to countless commensal, symbiotic or pathogenic 
microorganisms, commonly named Microbiome. The project aims at characterization of human microbiome and a greater understanding 
of its influence on human health (Turnbaugh et al. 2007).  
The (HMP) leveraged growing studies in forensic microbial area, which extends to field of testing for human identification through 
the cutaneous microbiome (Schmedes, Sajantila, and Budowle 2016). Recent studies demonstrated this possibility of exploring human 
skin microbiome and its potential to be unique to each individual, while genetic and environmental factors influence its composition and 
specific microbial lineage signatures (Fierer et al. 2010; Franzosa et al. 2015; Oh et al. 2016). 
Human skin is a physical barrier against countless invasive and mechanical factors, it protects the body from dehydration and 
pathogenic microorganisms (Proksch, Brandner, and Jensen 2008). However, at the same time, it is natural habitat for an infinity of other 
microorganisms that are mostly harmless, among which a wide variety of bacteria. This bacterial abundance varies topographically, due 
to differences in skin anatomy, and physiology, such as oiliness, thickness, salinity, moisture, and pH level (Grice and Segre 2011; Oh et 
al. 2014). 
Further elements that contribute to microbial diversity compound environmental, temporal and personal factors such as location, 
occupation, frequency of hygiene, for instance: handwashing, age and gender. Gender and age based differences influence skin acidity, 
substances produced, sweat and sebaceous glands activity, and production of different hormones (Costello et al. 2009; Dao and Kazin 
2007; Fierer et al. 2008; Somerville 1969; Ying et al. 2015).  
Work occupation, clothing, cosmetics, hygiene products and even diseases and medication use have an influence on skin bacterial 
flora and therefore affect the conditions of epidermis and substances expelled by glands. These conditions may also modulate the skin 
colonizing microbiota, possibly contributing to greater bacterial variation (Dao and Kazin 2007; Flores et al. 2014; Grice and Segre 2011). 
Microbial variety in skin is also related to incidence of ultraviolet (UV) light, since a wide range of microorganisms are sensitive to 
specific light wavelengths and present different recolonization patterns after its incidence (Burns et al. 2019). The microbiota variation 
is distinguished topographically due to characteristics of each area and in temporaly comparison it is more similar on diferent areas in 
own person than it same areas in diferent people. In strain level, the microbiota variation still remains stable in healthy individuals 
(Costello et al. 2009; Grice et al. 2009; Oh et al. 2016). 
When it comes to couples, the individual microbial composition is altered due to cohabitation and direct contact. Intimacy increases 
the sharing of bacteria between two individuals, although it is still possible to find differences between both bacterial communities. There 
is less bacterial differentiation between couples than among other people, making it possible to infer greater intimacy between individuals 
(Ross, Doxey, and Neufeld 2017). 
Although temporarily stable, individual bacterial composition appears to be transferable among individuals as well as the 
environment (Fierer et al. 2010; Flores et al. 2014; Oh et al. 2016). This transfer is not only restricted to physical contact, but also by 
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exhale. Individuals are able to emit their own individual microbial cloud that contributes, like direct contact, to surface bacteria, especially 
indoors (Meadow et al. 2015). 
Considering the transfer of bacterial cells between individuals and objects, both generate potential for a forensic approach, analyzing 
similarity degree between bacterial communities (Fierer et al. 2010; Goga 2012; Meadow, Altrichter, and Green 2014). The present article 
aims to demonstrate by means of a brief review the evolution of studies in human identification through the cutaneous microbiome. It 
aims to assess whether this is a viable approach that can be applied into real forensic investigations, therefore enabling a new contributive 
alternative in elucidation of crimes. 
2. Methology 
Bibliographic research was performed on the online platforms of Google Scholar, PubMed, Science Direct and Oxford Academic 
Journals websites between April and September 2019, regarding the use of cutaneous bacterial genetic material in forensic approaches. 
Research involved terms such as microbiome, skin microbiome, skin microorganisms, use of 16S rRNA, and microbiology, some associated with 
topics such as sequencing, forensic, and human identification. Through citations of some articles researched, although some often coincide with 
others already studied, new articles have been found. The coincidence of articles in this case probably accounts to fact that there are still 
very few studies in human forensic identification with cutaneous microbiome. 
The selection of articles was made based on topicality, complementarity in present work and an attempt of developing a historical 
view of the approach. Beyond the more recent articles, some older ones were sought for further clarification of original approach or for 
a more complete answering of questions proposed. To build a historical overview, we used pioneer articles as well as more up-to-date 
articles, demonstrating the progress in research comparing human skin microbiome with environment and human identification 
possibilities that arise from it. Thus, we selected 43 out of the 67 articles analysed to establish a connection and therefore build a 
discussion regarding a possible contribution for the identification by cutaneous microbiome in criminal cases. 
3. Results and Discussion 
Current forensic identification methods use autosomal profiles of Short Tandem Repeats (STRs) of human DNA to create profiles 
and compare them to biological evidence (Butler 2006; Hares 2015). Despite the efficiency of method, cases and sample variables such 
DNA mixing, degraded samples, and low DNA copy numbers may affect a satisfactory result, which entails the need of applying 
alternative methods such as mitochondrial DNA (Amorim, Fernandes, and Taveira 2019), increased concentration of collected DNA 
samples or even the number of PCR cycles, post-PCR purification (Budowle, Eisenberg, and Van Daal 2009; Smith and Ballantyne 2007) 
or High Resolution Melting (HRM) genotyping (Jiang, Zhang, and Pang 2020). The use of human cutaneous microbiome also proves to 
be a possible contributive alternative method to generation of (STR) profiles using microbial genetic markers employed in comparison 
of cutaneous microbiome with manipulated objects. 
Countless studies have shown the comparison of an individual's microbial profile and objects related to them. In order to obtain a 
characterization and comparison between bacterial communities in individuals and objects, it is necessary to employ molecular techniques. 
Molecular analysis in characterization of cutaneous bacteria has been proven as being much more efficient than bacterial culture method, 
revealing a greater diversity of organisms (Griece and Segre 2011). The molecular approach enables characterizing microorganisms 
regardless of their source, eliminating the use of bacterial culture. As an example, we point to use of bacterial ribosomal RNA (rRNA) 
genes that are highly conserved, but also with variable regions, allowing the isolation of sequence of interest regarding the specific gene, 
without need of cultivating the organism (Theron and Cloete 2000). 
3.1 Use of 16S rRNA 
In bacterial genome study, rRNA sequences, especially of the 16S rRNA gene, have been an important target, including their 
universal distribution, present in all bacteria and archaebacteria, but not in eukaryotes. The 16S rRNA gene has specific variable regions 
making it an effective species taxonomic classification tool, and its highly conserved regions allow the development of Polymerase Chain 
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Reaction (PCR) primers or hybridization probes (Clarridge 2004; Hugenholtz and Pace 1996; Větrovský and Baldrian 2013; Woese, 
Kandler, and Wheelis 1990). 
Most approaches commonly used over time in study of cutaneous microbiome have involved the sequencing of Variable 3 and 4 
(V3 and V4) regions of 16S rRNA gene (Flores et al. 2014; Lax et al. 2015; Meadow, Altrichter, and Green 2014; Ross, Doxey, and 
Neufeld 2017; Williams and Gibson 2017). However, other areas of bacterial genome and methods independent of 16S RNA, also have 
been explored witn Whole Genome Sequencing (WGS). For instance, Shotgun Metagenomic Sequencing and Targeted Sequencing 
techniques that enable not only taxon-level analysis and phylogenetic classification, but also metagenomic analyses enabling strain-level 
classification by using entire bacterial genome (Franzosa et al. 2015; Schmedes, Woerner, and Budowle 2017). 
3.2 Comparison Between Microbiome and Individuals 
By means of 16S rRNA sequencing, Fierer and co-workers compared microbial communities found on computer keyboards and 
mouse devices with communities found on fingers and hands of different individuals, thus discovering a bacterial community that is 
more similar to objects of their respective owners (Fierer et al. 2010). Even between the two hands of one individual, bacterial 
communities differ. Dominant hand has a greater abundance of microbial composition, yet hands of different individuals show greater 
variation and share less bacterial phylotypes (Fierer et al. 2008; Grice and Segre 2011).  
Bacterial similarity between feet and shoes has been subject of a further approach by using 16S rRNA, which demonstrated that 
the bacteria present in shoes come from feet of their owners and can be identified, even with use of socks. Thus, it is possible to establish 
a comparison between crime scene shoes and their owner's identification (Goga 2012). Nishi and co-workers created an amplified 16S 
rRNA gene profile and analyzed bacterial profile of individuals' hands and traces of touch and handprints, establishing similarities capable 
of identifying an individual (Nishi, Bergamaschi, and Campos 2015). Another approach has succeeded to generate microbial hair profiles 
that proved themselves unique to each individual and was kept stable even after six months, demonstrating viability in forensic 
identification, since hair is often found in crime scenes, but not always applicable under currently available methods (Nishi et al. 2017). 
Variant regions of 16S rRNA gene were used in taxonomic approach for hand and cell microbiota comparison analysis (Meadow, 
Altrichter, and Green 2014). The microbiome analysis for a possible forensic scope comparing mobile phones and shoes was also 
proposed, using 16S rRNA gene, comparing community composition of smart phones with owners and yours shoes surfaces with floor. 
Results showed the possibility of identifying people from their microbial communities and objects manipulated by them but could hardly 
estimate the recent location of individuals due to high and rapid turnover of microbial comunites surface in environments (Lax et al. 
2015). 
Applying a metagenomic code creation algorithm to four different types of metagenomic sampling obtained from (HMP): 
Operational Taxonomic Units (OTUs) of 16S rRNA sequencing; (WGS) Species Abundance; (WGS) Kilobase Windows and Species 
Specific Markers also from (WGS), was possible identifying strain level metagenomic codes specific for individuals, enabling the 
identification in a fixed population over time (Franzosa et al. 2015). Schmedes and co-workers identified genetic markers with possibility 
of testing forensic samples by evaluating nucleotide diversity of stable markers specific for clade (group in phylogenetic tree that shares 
the same common ancestor) (Schmedes, Woerner, and Budowle 2017). Thus, showing less variation in nucleotide diversity of the same 
individual over time than between different individuals. 
Results of several studies in human cutaneous microbiome identification and your genetic markers specific for individuals and 
stable over time led to creation of hidSkinPlex. This is a new marker panel for Targeted Sequencing that uses the most informative skin 
microbiome markers in human identification. The HidSkinPlex contains 286 markers of 22 bacterial and phage clades, from family, 
genus, species and subspecies levels, and also predicts the body site of origin of probing samples. Thus, being able to obtain high coverage 
of microbial profiles for forensic identification (Schmedes et al. 2018). 
3.3 Promising Bacteria 
In phylum and species level analyses, it was observed that hands’ communities of different individuals, among all 102 sampled  
hands, shared only 5 phylotypes out of a total of 4,742 sampled phylotypes. Sequences by more than 25 phyla were detected, where 
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Actinobacteria, Firmicutes and Proteobacteria represented 94% of analyzed sequences. The most abundant genera of sequences were 
Propionibacterium, Streptococcus, Staphylococcus, Corynebacterium and Lactobacillus (Fierer et al. 2008).  
In subsequent studies using strain level analyzes for Propionibacterium acnes and Staphylococcus epidermidis, it was observed that different 
individuals and different body sites harbor variations of bacteria, with P. acnes strains unique for individuals and S. epidermides strains 
unique to each different body site (Oh et al. 2014). Adding a Single Nucleotide Variants (SNVs) approach, P. acnes also showed a temporal 
stability in strains level, varying more individually than by new strains acquisition from the environment or other individuals (Oh et al. 
2016).  
In search of appropriate species for a forensic focus, Schmedes and co-workers performed a taxonomic classification to identify 
the main bacterial species of microbiome that is stable over time and shared by all sampled individuals, resulting in 10 species: 
Corynebacterium aurimucosum, Corynebacterium jeikeium, Corynebacterium pseudogenitalium, Corynebacterium tuberculostearicum, Micrococcus luteus, 
Propionibacterium acnes, Propionibacterium granulosum, Pseudomonas sp. unclassified, Rothia mucilaginosa and Staphylococcus epidermidis. P. acnes was 
the only species that was present in all body sites sampled (Schmedes, Woerner, and Budowle 2017).  
Most hidSkinPlex markers are from P. acnes, and most P. acnes strains are more closely related to individuals by personal and specific 
body locations, thus evidencing that Propionibacterium acnes presents strong potential as a target species for a forensic approach (Oh et al. 
2016; Schmedes et al. 2018). 
3.4 Privacy 
A concern with human genomic advances is the privacy of results and individuals, not only by identification, but also by possibility 
of providing data that characterizes the individual. Hereditary conditions, risk of disease, possibility of undiagnosed psychiatric conditions, 
physical and ethnic characteristics are some examples (Akgün et al. 2015; Greenbaum et al. 2011).  
The genotyping of human microbiome, although discarding human contaminants, also raises this question once it is influenced by 
environment (Oh et al. 2016; Ying et al. 2015), sex (Dao and Kazin 2007; Fierer et al. 2008), age (Somerville 1969), lifestyle (Grice and 
Segre 2011) and even diseases and medications (Flores et al. 2014). However, as with the Human Genome Project, methods that get 
around these possibilities are also being studied for Human Microbiome Project. 
The building of metagenomic codes to identify individuals by strain level microbiome helps maintain this privacy. Since they use 
"insights from computing theory and microbial ecology" in construction of metagenomic codes, they restrict the direct identification by 
bacterial genes associated with personal and environmental variations that contribute to their coding (Franzosa et al. 2015). However, 
despite the use of codes a fraction of samples could still be traced back and it is expected that advances in forensic microbial identification 
will also promote the privacy for individuals. 
4.Conclusion 
The use of human microbiome presents itself as a possibility of complementary alternative method in forensic identification. The 
analisis demonstrates the potential for a possible contributive consideration in elucidating crimes by presenting ability to predict origin 
of crime sites. For practical use, studies have yet to be performed, such as new comparisons between cutaneous microbiome and 
environment, and with other individuals, using the latest methodologies and in different time frames.  
Deeper studies of more promising bacteria is also needed, like bacteria S. epidermides that shows potential, mainly coupled with 
hidSkinPlex, to predict the body site of origin of samples, once each body site has unique strains. So is necessary the development of 
more markers for enrichment of hidSkinPlex panel. Thus, it is possible to make more robust the human identification through the skin 
microbiome approach, contributing to elucidate real criminal cases in the future. 
References 
Akgün, Mete, A. Osman Bayrak, Bugra Ozer, and M. Şamil Sağiroğlu. 2015. “Privacy Preserving Processing of Genomic Data: A Survey.” Journal of 
Biomedical Informatics 56 (8): 103–11. https://doi.org/10.1016/j.jbi.2015.05.022. 
249 
 
Forensic Human Identification for Cutaneous Microbiome, a Brief Review 
Natasha R.F. Novaes, Isabel C. M. Fensterseifer, José L. R. Martins, Osmar N. Silva 
 
 




Amorim, António, Teresa Fernandes, and Nuno Taveira. 2019. “Mitochondrial DNA in Human Identification: A Review.” PeerJ 7: e7314. 
https://doi.org/10.7717/peerj.7314. 
Budowle, Bruce, Arthur J. Eisenberg, and Angela Van Daal. 2009. “Validity of Low Copy Number Typing and Applications to Forensic Science.” 
Croatian Medical Journal 50 (3): 207–17. https://doi.org/10.3325/cmj.2009.50.207. 
Budowle, Bruce, Steven E. Schutzer, Anja Einseln, Lynda C. Kelley, Anne C. Walsh, Jenifer A.L. Smith, Babetta L. Marrone, James Robertson, and 
Joseph Campos. 2003. “Building Microbial Forensics as a Response to Bioterrorism.” Science 301 (5641): 1852–53. 
https://doi.org/10.1126/science.1090083. 
Burns, Erin M., Hana Ahmed, Prescilia N. Isedeh, Indermeet Kohli, William Van Der Pol, Abdullah Shaheen, Anum F. Muzaffar, et al. 2019. “Ultraviolet 
Radiation, Both UVA and UVB, Influences the Composition of the Skin Microbiome.” Experimental Dermatology 28 (2): 136–41. 
https://doi.org/10.1111/exd.13854. 
Butler, John M. 2006. “Genetics and Genomics of Core Short Tandem Repeat Loci Used in Human Identity Testing.” Journal of Forensic Sciences 51 (2): 
253–65. https://doi.org/10.1111/j.1556-4029.2006.00046.x. 
Clarridge, Jill E. 2004. “Impact of 16S RRNA Gene Sequence Analysis for Identification of Bacteria on Clinical Microbiology and Infectious Diseases.” 
Clinical Microbiology Reviews 17 (4): 840–62. https://doi.org/10.1128/CMR.17.4.840-862.2004. 
Costello, Elizabeth K., Christian L. Lauber, Micah Hamady, Noah Fierer, Jeffrey I. Gordon, and Rob Knight. 2009. “Bacterial Community Variation in 
Human Body Habitats across Space and Time.” Science 326 (5960): 1694–97. https://doi.org/10.1126/science.1177486. 
Dao, Harry, and Rebecca A. Kazin. 2007. “Gender Differences in Skin: A Review of the Literature.” Gender Medicine 4 (4): 308–28. 
https://doi.org/10.1016/S1550-8579(07)80061-1. 
Fierer, Noah, Micah Hamady, Christian L. Lauber, and Rob Knight. 2008. “The Influence of Sex, Handedness, and Washing on the Diversity of Hand 
Surface Bacteria.” Proceedings of the National Academy of Sciences of the United States of America 105 (46): 17994–99. https://doi.org/10.1073/pnas.0807920105. 
Fierer, Noah, Christian L. Lauber, Nick Zhou, Daniel McDonald, Elizabeth K. Costello, and Rob Knight. 2010. “Forensic Identification Using Skin 
Bacterial Communities.” Proceedings of the National Academy of Sciences of the United States of America 107 (14): 6477–81. 
https://doi.org/10.1073/pnas.1000162107. 
Flores, Gilberto E, J Gregory Caporaso, Jessica B Henley, Jai Ram Rideout, Daniel Domogala, John Chase, Jonathan W Leff, et al. 2014. “Temporal 
Variability Is a Personalized Feature of the Human Microbiome.” Genome Biology 15 (12): 531. https://doi.org/10.1186/s13059-014-0531-y. 
Franzosa, Eric A., Katherine Huang, James F. Meadow, Dirk Gevers, Katherine P. Lemon, Brendan J.M. Bohannan, and Curtis Huttenhower. 2015. 
“Identifying Personal Microbiomes Using Metagenomic Codes.” Proceedings of the National Academy of Sciences of the United States of America 112 (22): E2930–
38. https://doi.org/10.1073/pnas.1423854112. 
Goga, Haruhisa. 2012. “Comparison of Bacterial DNA Profiles of Footwear Insoles and Soles of Feet for the Forensic Discrimination of Footwear 
Owners.” International Journal of Legal Medicine 126 (5): 815–23. https://doi.org/10.1007/s00414-012-0733-3. 
Greenbaum, Dov, Andrea Sboner, Xinmeng Jasmine Mu, and Mark Gerstein. 2011. “Genomics and Privacy: Implications of the New Reality of Closed 
Data for the Field.” Edited by Philip E. Bourne. PLoS Computational Biology 7 (12): e1002278. https://doi.org/10.1371/journal.pcbi.1002278. 
Grice, Elizabeth A., Heidi H. Kong, Sean Conlan, Clayton B. Deming, Joie Davis, Alice C. Young, Gerard G. Bouffard, et al. 2009. “Topographical 
and Temporal Diversity of the Human Skin Microbiome.” Science 324 (5931): 1190–92. https://doi.org/10.1126/science.1171700. 
Grice, Elizabeth A., and Julia A. Segre. 2011. “The Skin Microbiome.” Nature Reviews Microbiology 9 (4): 244–53. https://doi.org/10.1038/nrmicro2537. 
Hares, Douglas R. 2015. “Selection and Implementation of Expanded CODIS Core Loci in the United States.” Forensic Science International: Genetics 17: 
33–34. https://doi.org/10.1016/j.fsigen.2015.03.006. 
Hugenholtz, Philip, and Norman R. Pace. 1996. “Identifying Microbial Diversity in the Natural Environment: A Molecular Phylogenetic Approach.” 
Trends in Biotechnology 14 (6): 190–97. https://doi.org/10.1016/0167-7799(96)10025-1. 
Jiang, Enzhu, Siyi Zhang, and Hao Pang. 2020. “Genotyping Genetic Markers from LCN and Degraded DNA by HRM and Their Application in Hair 
Shaft.” International Journal of Legal Medicine 134 (1): 31–37. https://doi.org/10.1007/s00414-019-02045-w. 
Lax, Simon, Jarrad T Hampton-Marcell, Sean M Gibbons, Geórgia Barguil Colares, Daniel Smith, Jonathan A Eisen, and Jack A Gilbert. 2015. “Forensic 
Analysis of the Microbiome of Phones and Shoes.” Microbiome 3 (1): 21. https://doi.org/10.1186/s40168-015-0082-9. 
250 
 
Forensic Human Identification for Cutaneous Microbiome, a Brief Review 
Natasha R.F. Novaes, Isabel C. M. Fensterseifer, José L. R. Martins, Osmar N. Silva 
 
 




Meadow, James F., Adam E. Altrichter, Ashley C. Bateman, Jason Stenson, G. Z. Brown, Jessica L. Green, and Brendan J.M. Bohannan. 2015. “Humans 
Differ in Their Personal Microbial Cloud.” PeerJ 2015 (9): e1258. https://doi.org/10.7717/peerj.1258. 
Meadow, James F., Adam E. Altrichter, and Jessica L. Green. 2014. “Mobile Phones Carry the Personal Microbiome of Their Owners.” PeerJ 2014 (1): 
e447. https://doi.org/10.7717/peerj.447. 
Nishi, Erika Eiji, Cássia T. Bergamaschi, and Ruy R. Campos. 2015. “The Crosstalk between the Kidney and the Central Nervous System: The Role of 
Renal Nerves in Blood Pressure Regulation.” Experimental Physiology 100 (5): 479–84. https://doi.org/10.1113/expphysiol.2014.079889. 
Nishi, Erika Eiji, Kota Watanabe, Yukihiro Tashiro, and Kenji Sakai. 2017. “Terminal Restriction Fragment Length Polymorphism Profiling of Bacterial 
Flora Derived from Single Human Hair Shafts Can Discriminate Individuals.” Legal Medicine 25 (3): 75–82. 
https://doi.org/10.1016/j.legalmed.2017.01.002. 
Oh, Julia, Allyson L. Byrd, Clay Deming, Sean Conlan, Heidi H. Kong, Julia A. Segre, Betty Barnabas, et al. 2014. “Biogeography and Individuality 
Shape Function in the Human Skin Metagenome.” Nature 514 (7520): 59–64. https://doi.org/10.1038/nature13786. 
Oh, Julia, Allyson L. Byrd, Morgan Park, Heidi H. Kong, and Julia A. Segre. 2016. “Temporal Stability of the Human Skin Microbiome.” Cell 165 (4): 
854–66. https://doi.org/10.1016/j.cell.2016.04.008. 
Peterson, Jane, Susan Garges, Maria Giovanni, Pamela McInnes, Lu Wang, Jeffery A. Schloss, Vivien Bonazzi, et al. 2009. “The NIH Human 
Microbiome Project.” Genome Research 19 (12): 2317–23. https://doi.org/10.1101/gr.096651.109. 
Proksch, Ehrhardt, Johanna M. Brandner, and Jens Michael Jensen. 2008. “The Skin: An Indispensable Barrier.” Experimental Dermatology 17 (12): 1063–
72. https://doi.org/10.1111/j.1600-0625.2008.00786.x. 
Ross, Ashley A., Andrew C. Doxey, and Josh D. Neufeld. 2017. “The Skin Microbiome of Cohabiting Couples.” MSystems 2 (4). 
https://doi.org/10.1128/msystems.00043-17. 
Roux, Claude, Frank Crispino, and Olivier Ribaux. 2012. “From Forensics to Forensic Science.” Current Issues in Criminal Justice 24 (1): 7–24. 
https://doi.org/10.1080/10345329.2012.12035941. 
Schmedes, Sarah E., Antti Sajantila, and Bruce Budowle. 2016. “Expansion of Microbial Forensics.” Journal of Clinical Microbiology 54 (8): 1964–74. 
https://doi.org/10.1128/JCM.00046-16. 
Schmedes, Sarah E., August E. Woerner, and Bruce Budowle. 2017. “Forensic Human Identification Using Skin Microbiomes.” Applied and Environmental 
Microbiology 83 (22). https://doi.org/10.1128/AEM.01672-17. 
Schmedes, Sarah E., August E. Woerner, Nicole M.M. Novroski, Frank R. Wendt, Jonathan L. King, Kathryn M. Stephens, and Bruce Budowle. 2018. 
“Targeted Sequencing of Clade-Specific Markers from Skin Microbiomes for Forensic Human Identification.” Forensic Science International: Genetics 32 
(January): 50–61. https://doi.org/10.1016/j.fsigen.2017.10.004. 
Smith, Pamela J., and Jack Ballantyne. 2007. “Simplified Low-Copy-Number DNA Analysis by Post-PCR Purification.” Journal of Forensic Sciences 52 (4): 
820–29. https://doi.org/10.1111/j.1556-4029.2007.00470.x. 
Somerville, D. A. 1969. “The Normal Flora of the Skin in Different Age Groups.” British Journal of Dermatology 81 (4): 248–58. 
https://doi.org/10.1111/j.1365-2133.1969.tb13976.x. 
Theron, J., and T. E. Cloete. 2000. “Molecular Techniques for Determining Microbial Diversity and Community Structure in Natural Environments.” 
Critical Reviews in Microbiology 26 (1): 37–57. https://doi.org/10.1080/10408410091154174. 
Turnbaugh, Peter J., Ruth E. Ley, Micah Hamady, Claire M. Fraser-Liggett, Rob Knight, and Jeffrey I. Gordon. 2007. “The Human Microbiome Project.” 
Nature 449 (7164): 804–10. https://doi.org/10.1038/nature06244. 
Větrovský, Tomáš, and Petr Baldrian. 2013. “The Variability of the 16S RRNA Gene in Bacterial Genomes and Its Consequences for Bacterial 
Community Analyses.” Edited by Josh Neufeld. PLoS ONE 8 (2): e57923. https://doi.org/10.1371/journal.pone.0057923. 
Williams, Diana W., and Greg Gibson. 2017. “Individualization of Pubic Hair Bacterial Communities and the Effects of Storage Time and Temperature.” 
Forensic Science International: Genetics 26 (January): 12–20. https://doi.org/10.1016/j.fsigen.2016.09.006. 
Woese, C. R., O. Kandler, and M. L. Wheelis. 1990. “Towards a Natural System of Organisms: Proposal for the Domains Archaea, Bacteria, and 
Eucarya.” Proceedings of the National Academy of Sciences of the United States of America 87 (12): 4576–79. https://doi.org/10.1073/pnas.87.12.4576. 
251 
 
Forensic Human Identification for Cutaneous Microbiome, a Brief Review 
Natasha R.F. Novaes, Isabel C. M. Fensterseifer, José L. R. Martins, Osmar N. Silva 
 
 




Ying, Shi, Dan-Ning Zeng, Liang Chi, Yuan Tan, Carlos Galzote, Cesar Cardona, Simon Lax, Jack Gilbert, and Zhe-Xue Quan. 2015. “The Influence 
of Age and Gender on Skin-Associated Microbial Communities in Urban and Rural Human Populations.” Edited by Jonathan H. Badger. PLOS ONE 
10 (10): e0141842. https://doi.org/10.1371/journal.pone.0141842. 
 
